The antimicrobial susceptibilities of 421 Pasteurella haemolytica and 158 P. multocida isolates recovered from cattle with respiratory disease were determined with a microdilution minimal inhibitory concentration test system. Isolates were analyzed for patterns of resistance to ampicillin, ceftiofur, erythromycin, gentamicin, penicillin, spectinomycin, sulfachlorpyridazine, sulfadimethoxine, tetracycline, and tylosin. All isolates tested were found susceptible to ceftiofur and sulfachlorpyridazine. Pasteurella haemolytica isolates were resistant to ampicillin, penicillin, sulfadimethoxine, tetracycline, and tylosin. Pasteurella multocida isolates were resistant to sulfadimethoxine, tetracycline, and tylosin.
The purpose of this study was to determine the anti-recorded as the lowest concentration of antimicrobial that microbial susceptibility patterns and MICs of P. hae-completely inhibited all visible bacterial growth. For the sulmolytica and P. multocida isolated from cattle with fonamides, the MIC was recorded as the well where bacterial respiratory disease. growth was reduced by ≥ 80% when compared with the growth control well. The antimicrobial agents, concentrations, and
Materials and methods
criteria used to determine susceptibility, moderate susceptibility, or resistance are presented in Table 1 . Susceptibility Bacterial cultures. Pasteurella haemolytica and P. mulinterpretations were based on those described in previous tocida isolates were selected from nasal swabs and tissue studies or on available pharmacokinetic data 1,4,6 (Halstead specimens submitted from cattle with respiratory disease to SL, Walker RD, Baker RE, et al.: 1989, Abstr Conf Res the Texas Veterinary Medical Diagnostic Laboratory, Am-Workers Animal Dis #70, p. 32A). In addition, the MIC arillo, between February and June 1989. These samples were from cases where MIC testing was requested. The isolates concentrations that inhibited 50% (MIC 50 ) and 90% (MIC 50 ) of the isolates were determined? Each lot of plates was subwere identified using standard methods. 2 jected to quality control using reference strains Staphylococcus Minimal inhibitory concentration testing. Antimicrobial aureus (ATCC 29213), Streptococcusfaecalis (ATCC 29212), powders used in the microdilution MIC procedure were am-Pseudomonas aeruginosa (ATCC 27853), and Escherichia picillin, a ceftiofur, b erythromycin, c gentamicin, c penicillin c coli (ATCC 25922). h spectinomycin, c sulfachlorpyridazine, d sulfadimethoxine, c tetracycline, a and tylosin e . A standard microdilution tech-
Results
nique was used to determine MICs. 7 Antimicrobials were diluted either in phosphate-buffered saline (PBS), pH 8.0, or sterile water, and microtiter plates were prepared using a dispenser. g Each of the Pasteurella isolates was inoculated into 3.5 ml of Mueller-Hinton broth f and incubated 4-6 hr at 37 C to obtain a final concentration equal to a 0.5 Mc-Farland nephelometer standard (10 8 colony-forming units Tables 2 and 3 MIC 90 values for ampicillin, penicillin, sulfadimethox- ine, tetracycline, and tylosin were all in the resistant category.
Ninety percent of the P. multocida isolates indicated a marked susceptibility to ceftiofur and sulfachlorpyridazine. Ninety percent of the isolates were moderately susceptible to ampicillin, erythromycin, gentamicin, penicillin, and spectinomycin. As with P. haemolytica, P. multocida was resistant to sulfadimethoxine, tetracycline, and tylosin.
Discussion
Studies involving food animal pathogens 4, 6 have demonstrated that MIC testing is preferable over the disk diffusion method for susceptibility testing because it provides quantitative information. The MIC value can provide the necessary information for the calculation of effective dosage regimens.
It is important to periodically monitor the antimicrobial susceptibilities of Pasteurella species to deter- Table 2 . Antimicrobial minimal inhibitory concentration susceptibility determinations (MIC 50 and MIC 50 ) of 421 Pasteurella haemolytica isolates recovered from cattle. mine if changes in resistance are developing. This is particularly important with the more newly released antimicrobial agents, i.e., ceftiofur, because resistance commonly increases in proportion to the frequency of use. Apparently, the incidence of resistance is increasing among the Pasteurella species. 3, 5, 9 Ceftiofur and sulfachlorpyridazine appear to be very effective against both P. haemolytica and P. multocida. However, these in vitro observations should only be used as a guide for the clinician in the selection of the most appropriate antimicrobial agent. Resistance to these antimicrobials may develop through increased use, and continued surveillance is warranted. 
Sources and manufacturers

